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Description 

The present application is related to US patent No. 
5,182,513 entitled "Method and Apparatus for Nonde- 
structive Surface Flaw Detection" by John D Young et 
al, which discloses and claims a method and apparatus 
for acquiring a plurality of synchronized, spatially corre- 
lated, discrete eddy current measurement signals for 
image processing. US patent No. 5,237,271 entitled 
"Multi-frequency Eddy Current Sensing" by Kristina H. 
Hedengren, discloses and claims a method for improv- 
ing resolution and characterization in detection of near 
surface flaw using nondestructive eddy current inspec- 
tion. Both referenced applications are assigned to the 
same assignee as the present application and are filed 
concurrently herewith being incorporated herein by ref- 
erence in their entireties. 

European co-pending application serial No. 
0450,950 describes a multi-layer, 
multi-component integrated fabrication technology suit- 
able for making flexible, spatially correlated, eddy cur- 
rent probe arrays for inspecting difficult surface ge- 
ometries. This co-pending application is assigned to the 
same assignee as the present application and is incor- 
porated herein by reference in its entirety. 

FIELD OF INVENTION 

This invention relates generally to eddy current 
probe arrays and more particularly to precisely alike 
probe elements encapsulated in a flexible, multi-layer, 
integrated eddy current probe array. 

BACKGROUND 

Nondestructive eddy current technology is an es- 
tablished technology and various inspection systems 
exist. Typical systems utilize coupled, multi-turn induc- 
tion coils often surrounding ferrite cores to intensify in- 
duced magnetic field flux. One of the induction coils, the 
drive coil, is disposed very near the surface of a con- 
ductive part undergoing inspection and driven by an al- 
ternating current source to create a flux of magnetic field 
into and below the conductive surface. This flux causes 
local current to flow in a conductive part. This local cur- 
rent flow induces a mutual magnetic flux of its own. A 
complementary coil, the sense coil, operates to receive 
current mutually induced by the resultant flux due to cur- 
rent flow through the conductive part. Coupling between 
the coils occurs through the conductive part itself. Any 
flaw or defect in the near surface integrity of the conduc- 
tive part will disrupt the flow of induced current. This dis- 
ruption can be detected as a change in voltage detected 
by the sense coil. 

A standard eddy current inspection instrument typ- " 
ically utilizes probes made by various manufacturers in- 
cluding: Staveley, Uniwest, Foerster and NDT Product 
Engineering. Such probes generally have coil elements 



operating as drive and sense coils which are disposed 
in close proximity of one another. The probes may differ 
in their winding arrangement and coil connections. The 
coils may be wound in the same or opposite directions 
s to accomodate additive or subtract ive response signal 
sensitivity. For example, split core differential probes 
have coils wound in the same direction while recording 
head probes have coils wound in opposite directions. 
Subtractive or "differential" probes generally operate us- 
io ing an impedance mode of detection utilizing a bridge 
circuit. Differential probes are sensitive to in plane flaw 
detection making them useful for eddy current testing, 
although bridge circuit detection can be a disadvantage. 
One advantage of probes operating in reflection mode 
is that drive and sense signals on respective coils are 
more easily separable than they are if a bridge circuit 
mode of detection is used with a differential sense coil 
configuration. Typical sense coil configurations include 
absolute and differential configurations. Absolute con- 
figuration utilizes a fixed reference for detection making 
it useful for calibration. Differentially configured probes 
utilize a bridge circuit for detection referenced only to 
ground. Response signals are collected from probes by 
using manual or mechanical scanning modes. Drive 
coils can typically be configured as individual coils or in 
a continuous, serpentine line providing uniform, adja- 
cent, parallel segments driven by an external alternating 
current source. It is also possible to operate as drive and 
sense with the same coils using a bridge circuit config- 
uration. 

Scanning along the surface of the conductive part 
being inspected is typically accomplished by moving a 
probe across a conductive surface to cover all regions 
of interest. Inspection systems often display a single 
probe's time trace decomposed into complex sinusoidal 
components: an in phase component (I), and a quadra- 
ture component (Q). Component display is accom- 
plished using an oscilloscope or strip chart recorder. A 
primary problem in utilizing signal thresholding to deter- 
mine if a flaw is present somewhere along the scan path 
involves distinguishing the disruptive flaw signal above 
background noise. The problem is complicated further 
as eddy current probes are themselves a source of great 
variability. Imaging using this approach to measurement 
collection by scanning with a single probe is time con- 
suming and labor intensive. Furthermore, the image so 
obtained is spatially blurred by the overwhelming rela- 
tive size difference between the probe and the flaw to 
be detected. The use of an inherently spatially correlat- 
ed measurement array provides simultaneous acquisi- 
tion of discretely collected data for a plurality of meas- 
urements in a single scan. Inspection surface scanning 
requirements using a spatially correlated measurement 
array become one dimensional rather than two dimen- 
sional as with a single probe. An array spatially corre- 
lates one dimension in terms of the other; thus, data col- 
lection in one dimension is inherently acquired by scan- 
ning in the other. The effective removal of an additional 
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scanning dimension is predicated on providing a spa- 
tially correlated measurement array of substantially 
identical probe elements. One dimensional scanning 
using such an array is much faster. 

Probe sensitivity to small flaw detection is limited by 
the size of the probe sense coil. The need for miniatur- 
ization to reduce this size and improve flaw detection 
sensitivity has been recognized. However, with conven- 
tional fabrication technology the miniaturization re- 
quired cannot be achieved. In addition to providing de- 
creased probe size relative to that of the flaw, the probe 
array elements must be substantially identical. Such 
provisions have not been possible with conventional coil 
fabrication techniques. 

Furthermore, conventional scanning cannot be ap- 
plied to a wide class of geometrically difficult inspection 
surfaces. Traditional probe arrays lack a flexible feature 
that would accomodate scanning such geometries. 
Scanning with conventional probe arrays lack an align- 
ment feature; thus, alignment becomes time intensive, 
detracting from useful scan time. 

EP-A-0,228,177 and EP-A-0, 38 1,848 show eddy 
current surface measurement arrays comprising a spa- 
tially correlated plurality of electrically interconnected 
eddy current sensing means and a flexible structure 
wherein the plurality of sensing means are disposed . 
US-4,547,962 shows an eddy current probe using a fer- 
rite substrate means. 

SUMMARY OF THE INVENTION 

According to the invention, there is provided a flex- 
ible eddy current surface measurement array compris- 
ing: 

a spatially correlated plurality of electrically inter- 
connected eddy current sensing means wherein said 
eddy current sensing means comprise drive and sense 
elements operatively coupled through a conductive sur- 
face under inspection such that said drive and sense 
elements are disposed within an integral structure such 
that said structure is outwardly affixed onto a supporting 
material having a surface conforming to match the con- 
ductive surface under inspection wherein said sense el- 
ements are further comprised of a plurality of coil ele- 
ments such that each of said coil elements are electri- 
cally connected to respective output leads; character- 
ised in that said integral structure is a flexible multilayer 
structure having at least two layers and the sense ele- 
ments are disposed in said at least two layers and are 
electrically interconnected therethrough. 

The present invention is generally directed to eddy 
current probe arrays and more particularly directed to 
an integrated, microelectronic component probe array 
comprising a plurality of interconnected, miniaturized, 
sufficiently distributed eddy current probe elements. 
More specifically, such arrays are fabricated within a 
flexibly conforming structure using High Density Inter- 
connect (HDI) precision processing. The HDI integrated 



component fabrication process provides precision, mul- 
ti-layer, multi-turn probe array elements that are sub- 
stantially identical and their respective electrical con- 
nections. The component probe elements are com- 

s prised of component coil elements whose windings can 
be made small enough, using HDI fabrication, to detect 
flaws heretofore undetectable by conventional probes. 
The use of a probe array speeds up data collection as 
well. The probe array is fabricated into a plurality of 

io small, flexibly interconnected, virtually grounded eddy 
current coil elements to provide a flexible, two-dimen- 
sional probe array which can be affixed to a conforming 
surface to accommodate inspection of irregular conduc- 
tive surfaces as a spatially rigid "array probe". The con- 

is ductive surface is brought within range of the probe sen- 
sitive surface of the array for scanning. The elements of 
the plurality are disposed in an array deposited between 
flexible, multiple fabrication layers being connected 
therethrough and affixed to a flexible substrate. The plu- 

20 rality of substantially identical elements are sufficiently 
distributed to adequately inspect an area of conductor 
corresponding to the collective width of the active array 
surface in a single scan. Surface scanning to simulta- 
neously inspect large or geometrically difficult conduc- 
es tive surfaces is made fast and reliable by use of such 
an array probe. Time required for scanning and recon- 
figuration is reduced. The size, shape and excitation 
drive of each of the plurality of probes of the array can 
be predetermined as a matter of design choice to ac- 

30 commodate changing inspection requirements. Taken 
together these features provide an eddy current array 
probe capable of collecting a discrete plurality of spa- 
tially correlated probe measurements in a single unidi- 
rectional scan of large or irregular conductor surfaces 

35 for parallel image processing e. g. by an automated eddy 
current inspection system. The probe array collects 
measurements in a manner that can be suitably format- 
ted into discretized signals for image processing to pro- 
vide flaw detection, characterization and resolution 

40 heretofore unattainable using conventional probe scan- 
ning schemes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 The invention will now be described in greater de- 
tail, by way of example, with reference to the drawings 
in which: 

Figure 1 is a schematic top planar view of an eddy 
50 current probe array having one serpentine drive el- 
ement providing parallel segments in a first layer 
and six, single-turn, single layer, sense coil ele- 
ments in at least a second layer made in accord- 
ance with present invention; 
55 Figure 2(a) is a schematic top planar view of a single 
layer, single turn drive element and an associated 
single layer, single turn sense element fabricated in 
the same layer in accordance with the present in- 
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vention; 

Figure 2(b) is a perspective view of a single layer, 
single turn drive element and an associated single 
layer, single turn sense element fabricated in the 
same layer in accordance with the present inven- s 
tion; 

Figure 2(c) is a crossectional view through the 
structure of Figures 2(a) and 2(b) taken as indicated 
at 13; 

Figure 3(a) is a schematic top planar view of a single io 
layer, single turn drive element and an associated 
single layer, single turn sense element fabricated in 
a different layer in accordance with the present in- 
vention; 

Figure 3(b) is a perspective view of a single layer, '5 
single turn drive element and an associated single 
layer, single turn sense element fabricated in a dif- 
ferent layer in accordance with the present inven- 
tion; 

Figure 3(c) is a crossectional view through the 20 
structure of Figures 3(a) and 3(b) taken as indicated 
at 17; 

Figure 4 is a schematic top planar view of an eddy 
current probe array having a parallel, underlying 
drive line element with three associated sense ele- 25 
ments fabricated in a multilayer structure in accord- 
ance with the present invention; 
Figure 5 is a schematic top planar view of four, dou- 
ble layer multi-turn coil elements fabricated in ac- 
cordance with the present invention; 30 
Figure 6(a) is a schematic top planar view of a dou- 
ble layer, multi-turn coil comprised of two single lay- 
er coil elements fabricated in accordance with the 
present invention; 

Figure 6(b) is a perspective view of a double layer, 35 
multi-turn coil comprised of two single layer coil el- 
ements fabricated in accordance with the present 
invention; 

Figure 6(c) is a crossectional view of the structure 
of Figures 6(a) and 6(b) taken as indicated at 40; 40 
Figure 7 illustrates offsetting of coil elements and 
varying widths and spacings of coil elements which 
are similar to those shown in Figures 6(a)-6(c); 
Figure 8(a) is a schematic top planar view of two, 
double layer, multi-turn coils each fabricated simi- 45 
larly to the double layer coil of Figures 6(a) and 6 
(b) but having an intervening layer between the coil 
elements fabricated in accordance with the present 
invention; 

Figure 8(b) is a schematic top planar view of the two so 
coils of Figure 7(a) wherein the lower coil element 
of the upper coil is disposed in the intervening layer 
of the lower coil, and the upper coil element of the 
lower coil is disposed in the intervening layer of the 
upper coil fabricated in accordance with the present ss 
invention; 

Figure 8(c) is a perspective view of the two coils of 
Figure 7(a) wherein the lower coil element of the 



upper coil is disposed in the intervening layer of the 
lower coil, and the upper coil element of the lower 
coil is disposed in the intervening layer of the upper 
coil fabricated in accordance with the present inven- 
tion; 

Figure 8(d) is a crossectional view of the multi-layer 
structure of Figures 8(b) and 8(c) taken as indicated 
at 85; 

Figure 9 is a sectional view of a flexible eddy current 
array probe affixed to a ferrite material made in ac- 
cordance with the present invention 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a top planar view of a simple multi- 
layer eddy current probe array 0 comprising six, single- 
turn, single layer sense coil elements in absolute con- 
figuration, utilized in conjunction with a continuous, ser- 
pentine, drive coil element 3 having parallel segments. 
This is a very simple probe array design presented for 
the purpose of illustrating that drive and sense elements 
can be configured in other than conventional "coir con- 
figurations. Obvious coil windings are not necessarily 
characteristic of eddy current probe array elements. The 
drive coil element is shown as a lightly shaded line 3 
with the instanteous current direction identified by ar- 
rows. The six sense coil elements are substantially iden- 
tical single-turn coils indentified by darker shaded, nar- 
rower lines, one of which is identified at 6 . The drive coil 
element 3 is disposed in a first layer and the sense coil 
elements are disposed in at least a second layer of a 
multi-layer structure 0. The relative width of said coil el- 
ements can be the same or different. In Figure 1, the 
identical vertical probe array elements are staggered 
with respect to one another. Relative staggering of each 
probe element 6 with respect to a vertically adjacent 
probe element 7 is accomplished in direction 1 which 
identifies the preferred scanning direction indicated by 
arrow 2. Staggered offsetting of probe elements 6, 7 pro- 
vides complete scanning coverage in direction 2 and 
avoids null positions which lack sensing capability. The 
probe array can cover a scan width given by the collec- 
tive probe active width which is herein indicated at 8. 
Electrical contact pads for making electrical connections 
to the array are often segregated into specific locations. 
Such specific locations are identified on either side of 
the array as indicated at 4, 5. 

Figure 2(a) and 2(b) illustrate a very simple drive 
and sense element fabricated in the same layer in both 
top planar and perspective views while Figure 2(c) illus- 
trates a cross section through the simple drive and 
sense element which have been fabricated into a single 
layer structure using High Density Interconnect multilay- 
er fabrication technology. In the top planar view of Figure 
2(a), these elements are distinguished by light and dark 
shading, although either element can operate as a drive 
or sense element. In the interest of visual clarity, the el- 
ements shown are of differing metallized segment 
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widths. This is simply a convenience for the sake of il- 
lustration and does not preclude segment elements of 
equal widths. These very simple sense and drive ele- 
ments are presented to help visualize intra-layer and in- 
ter-layer disposition of probe elements in order that 
more complicated configurations can be understood as 
well. For the sake of illustration in Figures 2(a) and 2(b) 
element 12 is designated as a drive element and ele- 
ment 14 is designated as a sense element. Similarly in 
Figures 3(a) and 3(b) 1 6 and 1 8 are designated as drive 
and sense elements respectively. Effective inductive 
coupling through the inspection surface requires that 
sense element segments be positioned in close proxim- 
ity to drive element segments. The closeness of these 
elements to one another is seen in Figures 2(a) 2(b), 3 
(a) and 3(b). Figure 2(c) illustrates a cross sectional view 
through the single layer structure 9 of Figures 2(a) and 
2(b) taken as indicated at 1 3. The single layer structure 
9 of Figure 2(c) is comprised of a flexible substrate 11 
such as Kapton™, a polyimide available from E.I. Du- 
Pont de Nemours Company, upon which a metallized 
pattern comprising sense element 1 4 and drive element 
12 have been disposed either directly or after an initial 
deposition of an intervening dielectric layer (not shown). 
This metal pattern disposition is accomplished by first 
depositing a layer of metallization using sputtering or 
electroplating techniques to deposit titanium and copper 
for example, then patterning with a suitable photo resist 
to radiation expose a pattern of drive and sense ele- 
ments from the metallized layer. Thereafter, an etching 
step erodes away all metal but the patterned elements 
12, 14. These metallization, patterning and etching 
steps are accomplished using a photo-lithographic fab- 
rication technique that is capable of achieving precision 
and uniformity at small dimensions. High Density Inter- 
connect (HDI) technology accomodates such a tech- 
nique of fabrication. HDI fabrication technology is de- 
scribed in detail in co-pending application serial No. 
0,450,950 entitled "A Flexible Interconnected System" 
by Charles W. Eichelberger, et al. The width of sense 
element segments 14 and drive element segments 12 
may be the same or different. After the metallization 
step, a layer of dielectric 19, like siloxane polyimide, is 
applied thereupon by spin coating. Figure 3(c) illustrates 
a crossectional view taken at 1 7 through the double lay- 
er structure 10 of Figures 3(a) and 3(b). A similar fabri- 
cation procedure is followed; however the metallization 
and dielectric application steps are repeated resulting 
in the mufti-layer structure 10 shown. After metal depo- 
sition and photo-lithographic patterning of drive element 
1 6 directly (or indirectly) onto flexible substrate 1 1 , a lay- 
er of dielectric, like siloxane polyimide, is thereupon ap- 
plied. Onto this layer of dielectric 19, another layer of 
metallization is deposited and patterning of sense ele- 
ment 18 is accomplished by photo-lithographic means. 
Thereafter, another layer of dielectric, like siloxane poly- 
imide, is deposited. Note the width difference and rela- 
tive offset of sense element 18 compared to drive ele- 



ment 16. Figures 2(c) and 3(c) illustrate several inter- 
layer and intralayer configurationat options available 
when flexible multiple layer probe array elements are 
fabricated using High Density Interconnect fabrication 
s technology. HDI fabrication accomodates a flexible sub- 
strate using photo-lithographic means to achieve a level 
of intricacy and precision heretofore unattainable by 
conventional means. 

Figure 4 illustrates some typical elements of a sim- 
10 pie eddy current probe array having a single drive ele- 
ment disposed in a back and forth, serpentine arrange- 
ment providing long parallel segments disposed in an 
underlying layer with four associated sense elements 
disposed in at least another overlying layer. Drive ele- 
15 ment 21 is lightly shaded in the figure to indicate that it 
resides in a first layer of a multi-layer structure. Direction 
of current flow in the drive element is indicated by ar- 
rows. The four darker shaded sense elements are here- 
in shown to have narrower metallization widths than 
20 those of the underlying drive elements. Various config- 
urations for sense elements in a single layer structure 
include: a single loop in absolute configuration 23, a 
double-loop in absolute configuration 24, a single turn, 
double loop in differential configuration 25 and a double 
25 turn, double loop in differential configuration 22. The 
size of a single loop as well as the number and turns of 
the loops of a multi-loop sense coil can be varied to de- 
sign for a particular application. Sense element 23 is a 
single turn, single layer, sense element in absolute con- 
30 figuration disposed in close proximity to the underlying 
drive element 21. Sense element 24 is a double turn, 
single layer sense element also in absolute configura- 
tion disposed so that the turn segments of the sense 
element are proximately positioned near the underlying 
35 parallel segments of the drive element 21 . A sense ele- 
ment can be characterized by multiple turns connected 
in various configurations. Sense element 25 illustrates 
two, single turn, single layer coil elements connected in 
differential configuration wherein the short segment 26 
40 between the darkened squares 27 and 28 is disposed 
in a layer other than that layer in which the turns of the 
coil element reside. When the coil elements are identi- 
cal, this connection provides a "virtual ground" which op- 
erates as a common reference potential given idential 
45 induced coil voltages. This eliminates the need for a 
physical ground connection; thereby inherently improv- 
ing eddy current probe element design. Interlayer met- 
allization connections at 27 and 28 divert conduction 
path 26 to another layer to avoid electrically shorting the 
50 element. Both turns however, reside in the same layer. 
A similar coil element comprised of two double turn, sin- 
gle layer coil windings connected in differential mode is 
illustrated at 22 wherein the double turns of each loop 
reside in the same layer. These configurations are pre- 
55 sented to illustrate the degree of flexibility in probe ele- 
ment design using a layered fabrication technique for 
producing eddy current probe arrays. 

Figure 5 is a top planar view of four, double layer, 
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mufti-turn, conventional probe array coils, one of which 
is indicated by numeral 37. The coils are shown in an 
unstaggered configuration which may not be suitable for 
use as a probe array but illustrative of the appearance 
of conventional sense and drive coil elements. Coils 32 
and 34 are wound in the same direction while remaining 
coils 36 and 38 are wound in the opposite direction. A 
representative connection line 31 electrically connects 
coil element 32 to respective contact pad 33. Each of 
the other coil elements 34, 36 and 38 are connected in 
a similar manner to their respective contact pads. Coils 
are electrically connected to one another as well as to 
external current sources and output leads using these 
contact pads. Probe test element 30 is comprised of two 
layers, each layer containing four, coplanar coils. The 
top planar view of Figure 5 shows only the coils of the 
top layer 32, 34, 36 and 38. Four similar coils (not 
shown) are disposed in a layer beneath the one shown 
in Figure 5. A representative connection line 35 is iden- 
tified using a dotted line to illustrate electrical commu- 
nication to similarly situated underlying coils (not shown) 
disposed in an underlying layer. Such coils are desig- 
nated as sense and drive coils by providing appropriate 
electrical connection thereto. Designated sense and 
drive coils are proximately disposed with respect to one 
another in order to provide sufficient inductive coupling 
through the surface under inspection. Designated sense 
coils responsively cooperate with designated drive coils 
when said drive coils are electrically driven by an exter- 
nal alternating current source (not shown). A drive 
source is connected across a designated drive coil at 
respective contact pads. Likewise, an output lead is con- 
nected across a designated sense coil at its respective 
contact pads. 

Figure 6(a) and 6(b) illustrate a top planar and per- 
spective view of a coil element 45 comprised of two. 
three-turn coil windings 50, 60 disposed in separate but 
adjacent layers and centrally connected in a serial man- 
ner as a probe element. The lighter shaded, wider coil 
segments of underlying coil winding 50 are disposed as 
shown in Figure 6(c) in a first layer 19 beneath a second 
layer 20 in which coil 60 is disposed. Coil 60 is indicated 
by darker shaded, narrower coil segments. The dark- 
ened square 68 indicates an interlayer electrical con- 
nection between respective coil layers 1 9 and 20. Such 
a connection is accomodated by laser drilling or chem- 
ically forming a precision hole through dielectric layer 
19 before a second metallization layer is applied there- 
on. Arrows 59 and 69 indicate the direction of current 
flow through coil element 45 at an instant in time. The 
crossectiona! view of Figure 6(c) is taken as indicated 
at numeral 40 in Figures 6(a) and 6(b). The instanteous 
current flow in each crossectionally viewed coil segment 
of Figure 6(c) is identified using engineering conven- 
tions, ■+", indicating current flow into the plane of the 
page and, V, indicating current flow out of the plane of 
the page . Where possible, numerals identifying coil 
segments have been preserved in Figures 6(a)-6(c) to 



facilitate crossectional visualization of the multilayer 
fabrication of coil element 45 using a High Density In- 
terconnect (HDI) process. The process involves first 
patterning coil 50 onto a flexible substrate 11 such as 
s Kapton™, a polyimide available from E.I. DuPontde Ne- 
mours Company, which has been bonded to a support 
carrier (not shown). The support carrier is typically made 
of Kovar™ steel, to support flexible substrate 11 
throughout (HDI) processing in order to avoid shrinking, 
wrinkling, etc. If desired, substrate 11 could beaferrite 
material. Substrate 11 is adhesively laminated to the 
support carrier by pretreating with a thermoplastic ad- 
hesive such as ULTEM™ polyetherimide (not shown) 
available from the General Electric Company which up- 
on heating will form a reversible bond; thus, permitting 
easy removal of the flexible substrate 11 from the sup- 
port carrier after HDI processing but otherwise remain- 
ing stable during the fabrication process. Some support 
means must be provided to support the otherwise flimsy, 
flexible, ultra-thin eddy current probe array in order to 
make processing feasible. The flexible Kapton substrate 
11 is usually, 12.5 -25 microns thick. A metal etched pho- 
to-lithographic procedure is used to apply a metallized 
pattern. Application of a metallization layer proceeds by 
sputtering a metal such as Titanium and Copper fol- 
lowed by electroplating or simply electroplating. Pattern- 
ing includes forming the first layer of planar three turn 
coils corresponding to segments 51 , 52, 53, 54, 55, 56, 
and 57 shown in crossection in Figure 6(c) with instante- 
ous current flow indicated. Depending upon the appli- 
cation, the metallization can be applied directly to the 
flexible substrate; or an intervening layer of dielectric 
(not shown) can be deposited onto which coil 50 is then 
patterned. Patterning is usually accomplished using a 
laser exposed photo-lithographic resist process on the 
metallization which is followed by etching with an etch- 
ant like ferric chloride. After patterning of coil 50, a die- 
lectric layer 19, like siloxane polyimide, is spin coat de- 
posited thereon. Each layer of metallized coils patterned 
directly onto the Kapton substrate 1 1 (or indirectly onto 
an intervening dielectric (not shown)) is covered by spin 
coating thereon a subsequent layer of dielectric, like si- 
loxane polyimide. Alternatively, additional Kapton can 
be laminated to the structure using siloxane polyimide/ 
epoxy adhesive (not shown). Thicknesses of the metal- 
lization layers are approximately .2 mils. Widths of met- 
allized coils range from 1-2 mils. Coil winding separa- 
tion distances range from 1 - 4 mils. Dielectric layer 
spacing between interlayer coil windings range from .5 
to 1 .2 mils. If need be, large portions of the dielectric 
can be removed by laser ablation. Typical electrical con- 
nection "via" holes are laser drilled into the applied die- 
lectric layer to align top surface connection sites with 
appropriate underlying contact pads. Connecting vias 
provide interlayer electrical connections fabricated by 
metallization to be substantially normal to the coplanar 
layers. Most important to note is the serial electrical con- 
nection made by central via 68 between double layer 
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coil windings 50 and 60. Typical vias are about 1 square 
mil in size and downwardly tapered at a slant of about 
60 degrees to accommodate uniform metallization cov- 
erage. Often a short plasma etch is used to remove de- 
bris and residual film from drilled via holes. Laser drilling 
ensures reliable, precise control of via profiles which are 
critical to effective electrical connection and coil design. 
Chemical means also exist to produce suitable vias. Af- 
ter the drilling step, a second metallization layer is sim- 
ilarly deposited using sputtering or electroplating to a 
depth of about 2-20 microns onto dielectric layer 1 9 
extending into via hole 68 and providing electrical con- 
nection to contact pad 54 disposed thereunder. Intricate 
metallization patterns, like the rectangular windings 61 , 
62, 63, 64, 65, 66 and 67 of coil 60 are provided by de- 
positing a continuous layer of metal using sputtering or 
electroplating; then, patterning coil windings using radi- 
ation exposed photoresist and etching with a suitable 
etchant in a photo-lithographic step of the HDI process. 
Etched metallization strip widths of approximately .001 5 
inch with .0035 inch pitch are achievable (1 inch = 2,54 
cm). Thereupon another insulating layer of dielectric 20 
is applied. Current flows in the same direction in coils 
50 and 60. The application of a dielectric layer, followed 
by drilling, metallization, patterning and etching are 
steps that can be repeated to provide complex, multi- 
layer structures. The alignment and fabrication of con- 
nection pads like 54 is computer controlled, wherein 
such control is based on positional information, to pro- 
mote a design layout responsive to thermal dissipation, 
impedance control, etc. HDI fabrication accomodates a 
computerized capability for making adaptive intercon- 
nections to provide a probe pattern design which com- 
pensates for variability in operating characteristics. 
These adaptive control features provide highly reliable 
fabrication of precise, high density interconnect eddy 
current probe arrays quickly, consistently and in bulk. 
Design dictates where connections can be made al- 
though for convenience electrical contacts are usually 
edge oriented. Connections and mountings can be cus- 
tomized or standard depending on I/O requirements and 
requirements of the specific application. Conductive 
leads (not shown) to or from respective vias are pat- 
terned as part of each layer's metallization process. 
Conductive leads transmit signals from various probe 
element components within a layer to the edge of the 
HDI structure in order to connect to external current 
sources, and output devices. Application of the upper- 
most dielectric 20 constitutes a passivation layer. Laser 
ablation is sometimes used to carve away multi-layer 
deposits if necessary. The structure 58 may then be lam- 
inated onto a preformed ferrite substrate (not shown). 
This ferrite may be flexible. The presence of a ferrite 
backing plate (not shown) operates to intensify magnet- 
ic flux penetration into a conductive inspection surface. 
Depending upon the conductivity of the ferrite, it may be 
advantageous to interpose a layer of dielectric between 
the ferrite and the first layer of metal coil windings. The 



support carrier (not shown) is removed by suitable heat- 
ing after HDI processing is completed. 

Figure 7 illustrates the option of offsetting coil ele- 
ment windings of one layer 41 with respect to those of 

s another adjacent layer 42. The relative positioning of the 
metal coil windings with respect to one another governs 
capacitive coupling between the windings; the strength 
of which depends on the width 43, 44 of the respective 
windings and the dielectric separation 46 between them. 

10 Figure 7 also illustrates not only independent choice of 
winding widths but also inter-winding spacings. Winding 
width 43, 44 and spacing 47,48 constitute the "pitch" 49, 
94 of each coil. The choice of pitch for each coil element 
is a design choice. 

15 Figure 8(a) illustrates a top planar view of two, 
three-turn, double coil elements 70, 80 deposited in sep- 
arate, though not adjacent, layers. Figure 8(b) and 8(c) 
illustrate a top planar and corresponding perspective 
view of the composite multi-layer structure of coil ele- 

20 ments 70 and 80. The crossectional view of Figure 8(d) 
is taken at numeral 85 as indicated in Figure 8(b) and 8 
(c). Each coil element pair is comprised of two planar 
coil windings. Coil element 70 is comprised of coil wind- 
ings 71 and 72 which reside in layers 1 9 and 74 respec- 
ts tively wherein layer 20 is interposed therebetween. Coil 
element 80 is comprised of coil windings 81 and 82 re- 
siding in layers 75 and 20 respectively wherein layer 74 
is interposed therebetween. Each coil element 70, 80 is 
fabricated to form multi-layer structure 76 in a manner 

30 similar to that of Figure 6(c), but having an intervening 
layer interposed therebetween; wherein the lower coil 
winding 82 of the upper coil element 80 is disposed in 
the intervening layer of the lower coil element 70, and 
the upper coil winding 71 of the lower coil element 70 is 

35 disposed in the intervening layer of the upper coil ele- 
ment 80. The central "via" connection 77 of coil 70 is 
illustrated in Figures 8(b) and 8(c). Current flow is shown 
by arrows in Figures 8(a) 8(b) and 8(c) and indicated 
using engineering conventions and V in those coil 

40 segments shown in cross section in Figure 8(d). Again 
width, separation and relative offset of windings are a 
matter of design choice tailored to a given application. 
Either coil could be utilized as a drive or sense coil, de- 
pending on which is driven by an external current source 

45 (not shown). In fact, both coils could operate as two drive 
coils, if both are externally driven (not shown); or two 
sense coils, if both are inductively coupled to an exter- 
nally driven drive coil. The drive coil may be deposited 
in the layer furthest from the inspection surface having 

so wider coil width than the underlying sense coil. Deline- 
ating drive and sense coils in a particular configuration 
can establish one surface of the probe array as the 
probe sensitive surface. Herein, if coil element 80 com- 
prising coil windings 81 and 82 is used for driving while 

55 coil element 70 comprising coils windings 71 and 72 is 
used for sensing surface 83 is established as the probe 
sensitive surface. 

Figure 9 illustrates the use of ferrite or some other 
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core material to fashion a scanning form 90 onto which 
a two dimensional flexible HDI fabricated eddy current 
probe array 76 can be suitably surface bonded. The 
probe sensitive surface 83 of the array is exposed in a 
conforming fashion to the conductive surface 91 under 
inspection. Conformability is provided by surface con- 
forming form 90, wherein affixed, probe sensitive sur- 
face 83 forms an oppositely signed, close fitting com- 
plement to the irregular surface under inspection 91. 
The entire surface or just part of the surface of the sur- 
face conforming scanning form 90 may be occupied by 
the two dimensional, flexible eddy current probe array 
76. Affixing the eddy current probe array to scanning 
form 90 expedites inspection of difficult geometries 
which cannot be inspected by conventional scanning 
means. This is particularly useful for accomplishing in- 
spection in an industrial setting. If the inspection surface 
91 exhibits translational symmetry along an axis of 
translation, herein taken to be normal to the plane of 
Figure 8, inspection can be accomplished in a single ax- 
ial translation of form 90 along the inspection surface 
91 . This presumes the probe sensing elements are suf- 
ficiently distributed to provide complete coverage in a 
single scan. 

Other eddy current probe array designs wherein 
drive and sense coils are not configured in obvious "coil 0 
configurations are within the scope of this invention. Suf- 
ficient, uniform drive coverage can be accomplished by 
configuring the drive coil in long parallel, serpentine 
drive line segments causing current flow to be alternate- 
ly oppositely directed in adjacent parallel drive line seg- 
ments. It is recommended that sense lines be positioned 
near drive lines to promote coupling; and as already 
mentioned, staggering of sense coil elements must be 
sufficient to provide complete scan coverage and elim- 
inate sensitivity nulls. Drive coil design is based on pre- 
senting a uniform drive, while sense coil design is typi- 
cally tailored to the requirements of the inspection ap- 
plication and the specific geometry of the surface under 
inspection. Sense coils of varying shapes turns and siz- 
es being electrically interconnected in various ways can 
be disposed in overlapping layers to provide a capability 
for selectively varying eddy current probe array sensi- 
tivity. In this way flux penetration is selectively varied into 
the inspection surface by selectively driving various 
coils of the same probe array. This provides an array 
with an inherent selective sensitivity feature. 

When a flexible, HDI fabricated, eddy current probe 
array is used in conjunction with a multi-channel, multi- 
frequency eddy current inspection system for industrial 
nondestructive near surface flaw detection, measure- 
ment collection speed and accuracy are improved; thus, 
increasing inspection productivity. Furthermore, when 
utilized in conjunction with such a system, flaw detection 
and characterization are improved through the imple- 
mentation of parallel signal processing in image 
processing. These improvements are made possible by 
simultaneously collecting a plurality of spatially correlat- 



ed measurements using an eddy current measurement 
array enabling formatting of the plurality of measure- 
ments for parallel image processing. 

While a specific embodiment of the invention has 
s been illustrated and described herein, it is realized that 
numerous modifications and changes will occur to those 
skilled in the art. It is therefore to be understood that the 
appended claims are intended to cover all such modifi- 
cations and changes as fall within the scope of the in- 
fo vention. 



Claims 

15 1 . A flexible eddy current surface measurement array 
comprising: 

a spatially correlated plurality of electrically in- 
ter-connected eddy current sensing means wherein 
said eddy current sensing means comprise drive 

20 and sense elements operatfvely coupled through a 
conductive surface under inspection such that said 
drive and sense elements are disposed within an 
integral structure such that said structure is out- 
wardly affixed onto a supporting material having a 

25 surface conforming to match the conductive surface 
under inspection wherein said sense elements are 
further comprised of a plurality of coil elements such 
that each of said coil elements are electrically con- 
nected to respective output leads; characterised in 

30 that said integral structure is a flexible multilayer 
structure having at least two layers and the sense 
elements are disposed in said at least two layers 
and are electrically interconnected therethrough. 

35 2. An array according to claim 1 wherein said drive el- 
ements are electrically driven by alternating current 
driving means. 

3. An array according to claim 1 wherein said sense 
40 elements are substantially identical. 

4. An array according to claim 1 wherein at least one 
said drive element is disposed in the layer nearest 
said inspection surface. 

45 

5. An array according to claim 1 wherein at least one 
said sense element is disposed in the layer nearest 
said inspection surface. 

50 6. An array according to claim 1 wherein at least one 
said drive element is disposed in the layer furthest 
from said inspection surface. 

7. An array according to claim 1 wherein at least one 
55 said sense element is disposed in the layer furthest 

from said inspection surface. 

8. An array according to claim 1 wherein at least one 
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said drive element is disposed in at least one layer 
interleaved between layers containing at least one 
said sense element. 

9. An array according to claim 1 wherein at least one 
said sense element is disposed in at least one layer 
interleaved between layers containing at least one 
said drive element. 

10. An array according to claim 1 wherein at least two 
of said coil elements are wound in the same direc- 
tion. 

11. An array according to claim 1 wherein at least two 
of said coil elements are wound in opposite direc- 
tions. 

12. An array according to claim 1 wherein said coil el- 
ements are electrically differentially interconnected 
so as to virtually ground select pairs of identical coil 
elements by providing a mutual reference potential 
between said pairs. 

13. An array according to claim 1 wherein sense ele- 
ments are comprised of a plurality of electrically in- 
terconnected coil elements disposed in a multi-lay- 
er structure. 

14. An array according to claim 13 wherein said inter- 
connected coil elements are skewed relative to one 
another. 

15. An array according to claim 13 wherein said inter- 
layer coil elements are aligned relative to one an- 
other. 

16. An array according to claim 1 wherein said array 
comprises flexible, multiple dielectric layers where- 
in said elements are affixed to a flexible substrate 
using a photo- lithographic fabrication process. 

17. An array according to claim 16 wherein a first layer 
of said elements are disposed directly upon said 
substrate. 

18. An array according to claim 16 wherein a first layer 
of said elements are disposed upon a first dielectric 
layer disposed directly upon said substrate. 

1 9. An array according to claim 1 6 wherein said flexible 
substrate is removably affixed to a support means 
during processing. 

20. An array according to claim 16 wherein said multi- 
layer structure is affixed to a ferrite backing. 

21. An array according to claim 16 wherein said struc- 
ture is affixed to a flexible ferrite backing. 



22. An array according to claim 16 wherein said sub- 
strate is a ferrite. 

23. An array according to claim 16 wherein said sub- 
5 strate is flexible ferrite. 

24. An array according to claim 1 wherein said support- 
ing material is at least in part ferrite. 

10 25. An array according to claim 1 wherein said plurality 
of sensing means are sufficiently distributed to ac- 
commodate complete scanning coverage of the un- 
derlying inspection surface. 

*5 26. An array according to claim 1 wherein scanning is 
accomplished in one direction along the inspection 
surface. 

27. An array according to claim 26 wherein scanning 
20 coverage is accomplished by incremental scan in a 

predetermined direction. 

28. An array according to claim 25 wherein the distribu- 
tion is accomplished by relative staggering of said 

25 sensing means with respect to one another normal 
to the scan direction to provide complete scanning 
coverage of the inspection surface. 

29. An array according to claim 25 wherein said plurality 
30 of substantially identical sensing means are suffi- 
ciently distributed to accommodate complete in- 
spection in one unidirectional scan. 



35 Patentanspruche 

1. Flexible Wirbelstrom-MeGanordnung enthaltend: 
eine raumlich korrelierte Anzahl von elektrisch mit- 
einander verbundener Wirbelstrom-Abtastmittel, 
40 wobei die Wirbelstrom-Abtastmittel Treiber- und 
Abtastelemente aufweist, die durch eine zu unter- 
suchende leitfjachige Oberflache betriebsmaGig 
derart gekoppelt sind, daft die Treiber- und Abtast- 
elemente in einer integralen Struktur derart ange- 
rs ordnet sind, daG die Struktur auBen auf einem hal- 
ternden Material befestigt ist, das eine ubereinstim- 
mende Oberflache aufweist, um die zu untersu- 
chende leitfahige Oberflache anzupassen, wobei 
die Abtastelemente ferner von einer Anzahl von 
so Spulenelementen derart gebildet sind, daG die Spu- 
lenelemente jeweils elektrisch mit entsprechenden 
Ausgangsleitern verbunden sind, dadurch gekenn- 
zeichnet, daG die integrate Struktur eine flexible 
Vielschichtstruktur mit wenigstens zwei Schichten 
55 ist und die Abtastelemente in den wenigstens zwei 
Schichten angeordnet und dadurch elektrisch mit- 
einander verbunden sind. 



9 



17 



EP 0 512 796 B1 



18 



2. Anordnung nach Anspruch 1 , wobei die Treiberele- 
mente elektrisch durch Wechselstrom-Treibermittel 
getrieben sind. 

3. Anordnung nach Anspruch 1 , wobei die Abtastele- 
mente im wesentlichen gleich sind. 

4. Anordnung nach Anspruch 1 , wobei wenigstens ein 
Treiberelement in der der Untersuchungsoberfla- 
che nachstgelegenen Schicht angeordnet ist. 

5. Anordnung nach Anspruch 1 , wobei wenigstens ein 
Abtastelement in der der Untersuchungsoberflache 
nachstgelegenen Schicht angeordnet ist. 

6. Anordnung nach Anspruch 1 , wobei wenigstens ein 
Treiberelement in der von der Untersuchungsober- 
flache am weitesten entfernten Schicht angeordnet 
ist. 

7. Anordnung nach Anspruch 1 , wobei wenigstens ein 
Abtastelement der von der Untersuchungsoberfla- 
che am weitesten entfernten Schicht angeordnet 
ist. 

8. Anordnung nach Anspruch 1 , wobei wenigstens ein 
Treiberelement in wenigstens einer Schicht ange- 
ordnet ist, die zwischen wenigsten ein Abtastele- 
ment enthaltenden Schichten verschachtelt ist. 

9. Anordnung nach Anspruch 1 , wobei wenigsten ein 
Abtastelement in wenigstens einer Schicht ange- 
ordnet ist, die zwischen wenigsten ein Treiberele- 
ment enthaltenden Schichten verschachtelt ist. 

10. Anordnung nach Anspruch 1, wobei wenigstens 
zwei Spulenelemente in der gleichen Richtung ge- 
wickelt sind. 

11. Anordnung nach Anspruch 1, wobei wenigstens 
zwei Spulenelemente in entgegengesetzten Rich- 
tungen gewickelt sind. 

12. Anordnung nach Anspruch 1 , wobei die Spulenele- 
mente elektrisch unterschiedlich miteinander ver- 
bunden sind, um so gewahlte Paare von gleichen 
Spulenelementen praktischzu erden, indemein ge- 
genseitiges Referenzpotential zwischen den Paa- 
ren gebildet wird. 

13. Anordnung nach Anspruch 1 , wobei die Abtastele- 
mente von mehreren elektrisch miteinander ver- 
bunden Spulenelementen gebildet sind, die in einer 
Vielschichtstruktur angeordnet sind. 

14. 



15. Anordnung nach Anspruch 1 3, wobei die Zwischen- 
schicht-Spulenelemente relativ zu einander ausge- 
richtet sind. 

5 16. Anordung nach Anspruch 1, wobei die Anordnung 
zahlreiche flexible, dielektrische Schichten auf- 
weist, wobei die Elemente an einem flexiblen Sub- 
strat unter Verwendung eines fotolithographischen 
Fertigungsfverfahren befestigt sind. 

10 

17. Anordnung nach Anspruch 16, wobei eine erste 
Schicht von Eiementen direkt auf dem Substrat an- 
geordnet sind. 

is 18. Anordnung nach Anspruch 16, wobei eine erste 
Schicht von Eiementen auf einer ersten deelektri- 
schen Schicht angeordnet sind, die direkt auf dem 
Substrat angeordnet ist. 

20 19. Anordnung nach Anspruch 16, wobei das flexible 
Substrat wahrend der Fertigung auf einer Halte- 
rungsvorichtung losbar befestigt ist. 

20. Anordnung nach Anspruch 16, wobei die Viel- 
25 schichtStruktur an einer Ferrit-Unterlage befestigt 

ist. 

21. Anordnung nach Anspruch 16, wobei die Struktur 
an einer flexiblen Ferrit - Unterlage befestigt ist. 

30 

22. Anordnung nach Anspruch 16, wobei das Substrat 
ein Ferrit ist. 

23. Anordnung nach Anspruch 16, wobei das Substrat 
35 ein flexibles Ferrit ist. 

24. Anordnung nach Anspruch 1, wobei das Halte- 
rungsmaterial wenigstens teilweise Ferrit ist. 

40 25. Anordnung nach Anspruch 1, wobei die mehreren 
Abtastmittel ausreichend verteilt sind, um eine voll- 
standige Scanuberdeckung derdarunter liegenden 
Untersuchungsoberflache aufzunehmen. 

45 26. Anordnung nach Anspruch 1 , wobei das Scannen 
in einer Richtung entlang der Untersuchungsober- 
flache ausgefuhrt wird. 

27. Anordnung nach Anspruch 26, wobei die Scanuber- 
so deckung durch inkrementales Scannen in eine vor- 

bestimmten Richtung ausgefuhrt wird. 

28. Anordnung nach Anspruch 25, wobei die Verteilung 
durch relatives Versetzen der Abtastmittel in Bezug 
zueinander senkrecht zu der SCAN Richtung aus- 
gefuhrt wird, um fur eine vollstandige Scanuberdek- 
kung der Untersuchungsoberflache zu sorgen 



55 

Anordnung nach Anspruch 1 3, wobei die miteinan- 
der verbundenen Spulenelemente relativ zu einan- 
der schrag angeordnet sind. 
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29. Anordnung nach Anspruch 25, wobei die mehreren, 
im wesentlichen gleichen Abtastmittel ausreichend 
verteilt sind, um eine vollstandige Untersuchung in 
einem unidirektionalen Scan-Vorgang aufzuneh- 
men. 



Revendications 

1 . Roseau flexible de mesure de surface par courants 
de Foucault, qui comprend une pluralite de moyens 
de detection de courants de Foucault, spatialement 
correles et electriquement interconnectes, lesdits 
moyens de detection de courants de Foucault com- 
prenant des elements d'excitation et de detection 
operationnellement couples par une surface con- 
ductrice en cours d'inspection de telle sorte que les- 
dits Elements d'excitation et de detection soient pla- 
ces dans une structure monobloc telle que ladite 
structure est fix6e exterieurement sur un materiau 
de support dont une surface s'adapte pour corres- 
pondre a la surface conductrice en cours d'inspec- 
tion, lesdits elements de detection comprenant en 
outre une plurality de bobines 6l6mentaires telles 
que chacune desdites bobines elementaires est 
electriquement raccordee a des fils conducteurs de 
sortie respectifs, caracterise en ce que ladite surfa- 
ce monobloc est une structure flexible a couches 
multiples contenant au moins deux couches et les 
elements de detection sont disposes dans lesdites 
couches au nombre d'au moins deux et sont elec- 
triquement interconnectes par celles-ci. 

2. Reseau selon la revendication 1 , dans lequel lesdits 
elements d'excitation sont excites electriquement 
par des moyens de declenchement de courants al- 
ternatifs. 

3. Reseau selon la revendication 1 , dans lequel lesdits 
elements de detection sont sensiblement identi- 
ques. 

4. R6seau selon la revendication 1 , dans lequei Tun 
au moins desdits elements d'excitation est place 
dans la couche la plus proche de ladite surface en 
cours d'inspection. 

5. R6seau selon la revendication 1 , dans lequel I'un 
au moins desdits elements de detection est place 
dans la couche la plus proche de ladite surface en 
cours d'inspection. 

6. Reseau selon la revendication 1 , dans lequel I'un 
au moins desdits elements d'excitation est place 
dans la couche la plus 6loign6e de ladite surface en 
cours d'inspection. 

7. Reseau selon la revendication 1 , dans lequel I'un 



au moins desdits elements de detection est place 
dans la couche la plus 6loign6ede ladite surface en 
cours d'inspection. 

5 8. Reseau selon la revendication 1 , dans lequel Tun 
au moins desdits elements d'excitation est place 
dans au moins une couche intercalee entre des 
couches contenant I'un au moins desdits elements 
de detection. 

10 

9. Reseau selon la revendication 1 , dans lequel I'un 
au moins desdits elements de detection est place 
dans au moins une couche intercalee entre des 
couches contenant I'un au moins desdits elements 

is d'excitation. 

10. Reseau selon la revendication 1, dans lequel deux 
au moins desdites bobines elementaires sont en- 
roulees dans la meme direction. 

20 

11. Reseau selon la revendication 1, dans lequel deux 
au moins desdites bobines elementaires sont en- 
roulees dans des directions opposees. 

25 12. Reseau selon la revendication 1 , dans lequel lesdi- 
tes bobines 6l6mentaires sont interconnectees 
electriquement de facon differentielle afin de mettre 
virtuellement a la masse des paires seJectionnees 
de bobines elementaires identiques par etablisse- 

30 ment d'un potentiel de reference mutuel entre les- 
dites paires. 

13. Reseau selon la revendication 1, dans lequel des 
elements de detection contiennent une plurality de 

35 bobines elementaires interconnectees electrique- 
ment, placees dans une structure a couches multi- 
ples. 

14. Reseau selon la revendication 13, dans lequel les- 
40 dites bobines elementaires interconnectees sont in- 

clinees les unes par rapport aux autres. 

15. Reseau selon la revendication 13, dans lequel les- 
dites bobines elementaires entre-couches sont ali- 

45 gnees les unes par rapport aux autres. 

16. R6seau selon la revendication 1, dans lequel ledit 
reseau comprend de multiples couches dielectri- 
ques souples, lesdits elements etant fixes a un 

so substrat flexible grace a un proc6d6 de fabrication 
par photolithographie. 

17. Reseau selon la revendication 16, dans lequel les- 
dits elements de la premiere couche sont disposes 

55 directement sur ledit substrat. 

18. Reseau selon la revendication 16, dans lequel les- 
dits elements de la premiere couche sont disposes 
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sur une premiere couche dielectrique placee direc- 
tement sur ledit substrat. 

19. Roseau selon la revendication 16, dans lequel ledit 
substrat flexible est fix6 de maniere amovible a un 5 
moyen de support pendant le traltement. 

20. Reseau selon la revendication 16, dans lequel ladi- 
te structure a couches multiples est fixee a un sup- 
port en ferrite. 10 

21. Reseau selon la revendication 16, dans lequel ladi- 
te structure est fixee a un support en ferrite flexible. 

22. Reseau selon la revendication 16, dans lequel ledit ts 
substrat est un ferrite. 

23. Reseau selon la revendication 16, dans lequel ledit 
substrat est un ferrite flexible. 

20 

24. Reseau selon la revendication 1, dans lequel ledit 
materiau de support est au moins partiellement en 
ferrite. 

25. Reseau selon la revendication 1, dans lequel les 25 
moyens de detection de ladite pluralite sont suffi- 
samment repartis pour permettre une couverture 
complete de ladite surface sous-jacente en cours 

d' inspection, par balayage. 

30 

26. Reseau selon la revendication 1, dans lequel ledit 
balayage est effectue dans une premiere direction 
le long de la surface a inspector. 

27. Reseau selon la revendication 26, dans lequel la 35 
couverture par balayage se fait par un balayage in- 
cremental dans une direction predeterminee. 

28. Reseau selon la revendication 25, dans lequel la 
repartition se fait par un decatage relatif desdits 40 
moyens de detection les uns par rapport aux autres, 
normalement a la direction de balayage, pour don- 
ner une couverture complete de ladite surface en 
cours d'inspection, par balayage. 

45 

29. Reseau selon la revendication 25, dans lequel les 
moyens de detection sensiblement identiques de 
ladite pluralite sont suffisamment repartis pour per- 
mettre une inspection complete par un seul balaya- 
ge unidirectionnel. so 
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fig. 2a 
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fig. 2b 
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fig. 2c 
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fig. 3c 
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fig. 6a 
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fig. 9 
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